In this study, a comprehensive analysis of groundwater was performed to assess contamination and phenol content in Batman, Turkey, particularly in residential areas near agriculture, livestock and oil industry facilities. From these areas, where potentially contaminated groundwater used for drinking and irrigation threatens public health, 30 groundwater samples were collected and analyzed for heavy metal concentrations (Al, As, B, Ba, Ca, Cd, Cl, Co, Cr, Cu, Fe, Hg, Li, Mg, Mn, Mo, Na, Ni, NO 3 , P, Pb, phenol, S, Sb, Se, SO 4 , Sr, U, and Zn). Compared with the standards of the Environmental Protection Agency, Al, Fe, and Mn concentrations in groundwater exceeded secondary drinking water regulations, NO 3 concentrations were high for maximum contaminant levels, and As, Pb, and U concentrations exceeded maximum contaminant level goals in all samples. Ni, Sb, and Se concentrations also exceeded limits set by the Turkish Standards Institution. Nearly all samples revealed concentrations of Se, Sb, Hg, and phenol due to nearby petroleum refineries, oil storage plants, and agricultural and livestock areas. The results obtained from this study indicate that the groundwater in Batman contains elements in concentrations that approach or exceed limits and thus threatens public health with increased blood cholesterol, decreased blood sugar, and circulatory problems.
south to north. According to the General Directorate of State Hydraulic Works (DSI ) report, transmissivity values range from 10 to 500 m 2 /d for old alluvium and from 5 to 100 m 2 /d for recent alluvium.
SAMPLING AND ANALYTICAL PROCEDURES
To investigate groundwater contamination in Batman, 30 water samples from 20 to 100 m deep wells were collected in December 2012. Samples 11, 27, 28, 29, 30, 34, 35, 36, 38, 41, 42, 44, 48, 49, and 54 were collected from wells in the Selmo Formation, and all others were taken from wells in the old alluvium ( Figure 2 ). Regardless of the source, each sample was collected after pumping the water from the sampling well for approximately 1 h, and then it was filled into sterilized containers to which 10% hydrochloric acid was added to attain pH levels of <2. After being preserved in a portable fridge at þ4 W C, laboratory analyses were performed on the 30 samples according to the standard methods of the American Public Health Association (APHA ). Analyses of NO 3 and phenol quantities were performed in the laboratory of the Diyarbakir Metropolitan Municipality. To detect all major and heavy metal content, the samples were chemically analyzed with the 2C Full Suite (ACME Analytical Laboratories, Vancouver, Canada) using inductively coupled plasma mass spectrometry (ACME ). Figures 3 and 4) . and 46, which exceeded MCLG and TSE limits ( Table 1) .
HYDROCHEMICAL PROPERTIES OF THE GROUNDWATER
As in groundwater can increase the population's risk of cancer because As ranged between 0.7 and 1.8 ppb, which also does not meet MCLG.
Pb concentrations ranged from 0.1 to 5.1 ppb and therefore exceeded MCLG in all samples except sample 4 (Table 1 ). As Figure 4 shows, Pb in groundwater increases towards industrial areas, as expected; this finding suggests that industrial activities contribute to increased Pb concentrations, and that the erosion of natural materials can therefore be a source of this increase. Pb concentrations meet public health goals, for drinking water can cause delays in physical and mental development in infants and children, and kidney problems and high blood pressure in adults (EPA ).
Uranium concentrations exceeded MCLG in samples,
the greatest degree of which was found in sample 27 at 6.6 ppb (Table 1) groundwater samples obtained from areas close to these activities reach 115 ppb and are far denser than those of other regions (Figure 4 ). However, it is seen that oil-based compounds in groundwater can reach very high concen- (Figure 4) . Samples 41 and 48 in particular also exceed TSE limits (Table 1) . Infants aged less than 6 months who drink water containing nitrate in excess of the MCL can become seriously ill and, if untreated, may die (EPA ). The EPA () has reported that 1-day NO 3 exposure to a 10-kg child is 100 ppm and that the reference dose, which is daily exposure to human population (including sensitive subgroups) and is likely to be without an appreciable risk of deleterious effects during a lifetime, is 1.6 mg/kg/day. 1 and 4) . Its proximity to the upper MCL limit indicates that the source of this contamination most likely is related to industrial activities (EPA ). The EPA () has reported that 1day Sb exposure to a 10 kg child is 10 ppb, lifetime exposure to adults is 6 ppb, and the reference dose, which is daily exposure to human population and is likely to be without an appreciable risk of deleterious effects during a lifetime, is 0.0004 mg/kg/day. Sb can increase blood cholesterol and decrease blood sugar, and puts people's health at risk in concentrations close to the limit.
Se, which was detected in all samples, exhibited different concentrations (Table 1) . The greatest concentrations were found in samples 27 and 41, both from industrial areas, thereby suggesting that the source of contamination is attributable to industrial activities and discharges from petroleum refineries in these areas (Figure 1 ). Sample 27 also exceeded the TSE limit ( 
CONCLUSIONS AND RECOMMENDATIONS
This study provides significant data regarding the status of water contamination and possible risks threatening public health in Batman, Turkey. Analyses of 30 samples of groundwater in the study area reveal average concentrations of Al groundwater are due to problems stemming from years of accidents in the study area and from oil production, transfer, and storage. In addition, the study area receives 510 mm precipitation annually, 97% of which occurs during winter and spring. Since the region receives significant rainfall and because the aquifers supplying Batman are pervious and unconfined, contaminants are continuously washed out and eventually cause groundwater contamination. It is therefore necessary to pay attention to elements with concentrations approaching the upper limits of EPA and TSE standards that may threaten public health due to increased blood cholesterol, decreased blood sugar, and circulatory problems.
Overall, the present investigation first suggests that because all samples, except samples 4 and 6, contain NO 3 , water from Batman should not be used for drinking or domestic purposes because the amount of NO 3 threatens public health. Second, the water from improperly drilled wells affected by the agriculture, livestock, and oil industries should also not be used for drinking or domestic purposes.
Third, it is necessary to take precautions to prevent groundwater contamination caused by pollutants reported in the city center, and if necessary, the activities of the contamination source should be limited. Fourth, because groundwater in the study area is likely to experience contamination by As, Hg, phenol, Pb, Sb, Se, and U in the near future, the quality and extent of contamination of groundwater should be continually screened. Lastly, given the contaminants and aquifers in the region, water for drinking and domestic purposes should be provided from more reliable and cleaner sources.
